that while the antibody recognizes S-sulphonylated and Scarboxyamidomethylated forms of the signal peptide, it does not recognize the sequence within intact ovalbumin. This is not due to the antigenic determinants involving N-or Cterminal residues (hindered in intact ovalbumin) since an Nmaleylated form of the peptide is also recognized.
It seems that either the signal region is buried in the hydrophobic ihterior of intact ovalbumin and is not accessible to the antibody or else that subtle differences exist in secondary structure between the isolated signal sequence and the corresponding sequence within ovalbumin. In competitive ELISA studies, where signal peptides were exposed to detergents before assay, we found no differences between peptides in water or in 0.5% (v/v) Tween 20, but found that signal peptide exposed to 1% (w/v) SDS (diluted to a tolerable level of 0.05% in the assay) exhibited a much displaced titration curve. We suggest that conformational changes in the signal peptide may occur in the presence of SDS, perhaps involving an increase in secondary structure as has been observed for the LamB signal sequence (Briggs & Gierasch, 1984) .
Preliminary studies suggest that the affinity purified antibody can detect complexes formed between the ovalbumin signal sequence and proteins of canine pancreatic rough microsomes. Membranes (60 A 2x,1 units/ml) were incubated with signal peptide ( 2 5 p~) for 20 min at 4°C and complexes were covalently linked using the bifunctional cross-linker disuccinimidyl suberate ( 2 mM). Following separation of the products by SDS/polyacrylamide gel electrophoresis, nitrocellulose blotting and immunochemical staining were performed essentially as described by Towbin et al. ( 1979) . Several components were detected which may represent complexes of signal peptide bound to membrane polypeptides in a broad molecular mass range of 70 000-150 000. Whether these complexes represent single polypeptide binding sites or whether they also represent products of additional cross-linking between adjacent membrane polypeptides remains t o be ascertained. Exposure of human neutrophils to a variety of particulate and soluble stimuli evokes a series of cellular responses including aggregation, chemotaxis, superoxide generation and degranulation. Also formed are numerous lipid products including platelet activating factor and leukotriene B, (LTB,) which are derived from membrane phospholipids possibly via activation of phospholipase A, (for review see Baggiolini & Dewald. 1085) . A rise in cytosolic free calcium ([CaZt],) (Westwick & Poll, 1986 ) and the production of 1.2-diacylglyccrol (DG) (Nishizuka, 10841 , resulting from phospholipase C catalysed hydrolysis o f phosphoinositides, may be the two major second messenger systems involved in ncutrophil activation (DiVirgilio et al.. 1984; Pozzan et ul., 1 083) . However, the quantitative relationship between [ Ca?' 1, and ccllular responsiveness has not been fully established as in the platelet (Rink et al., 1982) .
In the present study we investigated the rise in [Ca'+], as a possible mediator of neutrophil responsiveness and estimated the levels of [Ca" 1, at which various indices of neutrophil activation were triggered. To achieve this we utilized the calcium ionophore, ionomycin, to impose changes in [Ca'+ 1, in quin 2-loaded cells and compared this with ionomycin-induced aggregation, degranulation, LTB, generation and phosphatidate ( PtdA) production.
Neutrophils were isolated from the blood of healthy adult volunteers by gelatin sedimentation followed by hypotonic lysis of contaminating erythrocytes (Henson, 197 1 , 1983) . Neutrophil aggregation was monitored photometrically using a standard platelet aggregometer. Degranulation was determined by monitoring lysozyme release which was detected spectrophotometrically as the rate of lysis of the bacterium Micrococcus 1y.sodeikticus. LTB, generation was determined by specific radioimmunoassay (Forder & Carey, 1986) . As an index of phosphoinositide hydrolysis, production of phosphatidate (the phosphorylated product of DG) was measured in cells pretreated with ortho[ 3ZP]phosphate (Dougherty er al.. 1984) .
lonomycin induced a rapid concentration-dependent elevation of [Ca?'] , from a basal value of 135 f 3 nM (mean f s.E.M., I I = 50) to around 1500 nM (EC,,, = 80 nM). Aggregation, degranulation (lysozyme release), [ "PIPtdA formation and LTB, production were also elicited by the calcium ionophore in a concentration-dependent manner. From the cumulated concentration-response curves the [Ca"], thresholds, defined as the [Ca?+], at which a BIOCHEMICAL SOCIETY TRANSACTIONS significant increase in response was evident, could be estimated (see Table 1 ). Arachidonic acid ( A A ) metabolism via 5-lipoxygenase leads to formation of 5-hydroxyeicosatetraenoic acid (5-HETE) and the biologically important leukotrienes B, and C,. Studies of 5-lipoxygenase are complicated by its unusual kinetics: when A A is employed as substrate, the enzyme exhibits apparent substrate inhibition (Aharony & Stein, 1986) and enzyme reactions terminate before exhaustion of substrate as a consequence of product inactivation (Dicken et al., 1987) . In this study we have employed several alternative fatty acid substrates to characterize further the kinetic behaviour of 5-lipoxygenase.
Post-microsomal supernates from RBL-1 cells were prepared by modification of the procedure described by Aharony & Stein ( 1986) for guinea-pig neutrophils. The cells were grown in stirred cultures, harvested, and finally sonicated at 6.25 x 107/ml. The post-microsomal supernate was prepared by centrifugation at 150 000 g (60 min, 4°C). This supernate was stored at -70°C before use. For spectrophotometric studies RBL-1 supernates were thawed and activated with 0.1 mM-ATP and calcium and 0.25 mMdithiothreitol before use. Incubates were initiated by the addition of 12.5 ~M -A A in 0.1% final volume of ethanol. The supernates were diluted to give control enzyme activity of approximately 30 nmol 5-HETE/min per mg protein at 37°C. Reaction rates were then fitted to an equation which includes parameters for both affinity (K,) and 'substrate inhibition' (K,) as described by Aharony & Stein (1986) . Substrate solubility was assessed spectrophotometrically in assay buffer as the concentration of substrate required to initiate emulsion formation. Emulsion formation was detected at 240 nm as a rapid increase in light scattering.
Metabolism of A A by 5-lipoxygenase at 37°C was very rapid: the reaction induced by 12.5 ~M -A A reached completion within 1 min with 80% of the substrate Abbreviations used: AA, arachidonic acid; 5-HETE, 5-hydroxy eicosatetraenoic acid; EPA, eicosapentaenoic acid. consumed. A second addition of substrate once a stable endpoint had been reached did not induce further catalysis, indicating that termination of reactions was due to enzyme inactivation and was not a result of substrate depletion. Analysis of the reaction progress curve showed that the velocity of the enzyme reaction never reached a steady state. Reducing the temperature of the reaction or diluting the enzyme resulted in the appearance of a lag phase, reduced reaction rates and also a reduction in the reaction end-point.
The maximum rate of metabolism of A A at 37°C by RBL-1 5-lipoxygenase occurred at a substrate concentration of 25 ,UM. At higher substrate concentrations the rate declined. The poor solubility of A A in aqueous media may account for the reduced enzyme rate at high substrate concentrations: A A concentrations above 25 ,UM caused pronounced emulsion formation, when added to physiological buffer. Using eicosapentaenoic acid (EPA), which exhibited greater solubility with no evidence for emulsion formation, maximum rates were achieved at 25 p~ and there was no significant reduction in enzyme rates at substrate concentrations up to 100 ,UM. A A dose-response studies with diluted RBL-enzyme yielded a common K, of 26 p~ but K, changed significantly from 14 to 6.6 ,UM (P<0.001) over a twofold concentration range.
To study the inactivation of enzyme during catalysis, low doses of fatty acids were preincubated with enzyme at 37°C for various times before the addition of 12.5 ~M -A A . Preincubation of 5-lipoxygenase with A A (1 pM) led to timedependent enzyme inactivation. The half-life of the enzyme was approximately 30 s. By 4 min the enzyme was completely inactivated. The concentration of A A required for 50% inactivation (0.17 p~) was approximately 100 times lower than the affinity constant of the enzyme for AA. The ability to induce this time-dependent inhibition was shared by other fatty acid substrates all of which were more potent as inhibitors than as substrates for 5-lipoxygenase. The rank order of potency of the fatty acids as inhibitors and as substrates was the same: AA> EPA> docosahexaenoic acid > 8,11,14 eicosatrienoic acid > 1 1,14,17 eicosatrienoic acid.
The results of this investigation extend previous studies on the kinetics of 5-lipoxygenase. The use of alternative substrates allows us to draw two major conclusions on the kinetics observed with AA. First, the apparent substrate
